INTRODUCTION
The thumb begins to function as it will in adulthood, with the start of grasping and prehensions only at 9 months of age. Thumbs opposition allows the human hand to perform power grip and precious handling. [1] [2] [3] [4] In fact, the thumb itself is responsible for 40% to 50% of the overall function of the hand. 5 Thus a traumatic event leading to loss of parts or whole of thumb causes severely compromised function if it is not rectified. This has generated significant interest in development of methods of thumb reconstruction.
Techniques used when reconstructing thumb after trauma are skin grafts, local or regional flaps, free tissue transfer and distraction/lengthening.
The treatment of patients with thumb loss requires careful evaluation of the problem and the patient, sound treatment in regard to treatment plan and excellent surgical technique to secure a favourable outcome.
The thumb must be of adequate length with intact sensibility of the palmer skin. Thumb function is also affected by mobility at interphalangeal (IP); metacarpophalangeal (MCP) and carpometacarpal joints.
forearm island flap for a thumb reconstruction in the department of plastic surgery and burns, Sher-I-Kashmir institute of medical sciences, Srinagar, India.
Patients had soft tissue and bone loss involving the dorsum of the thumb and part of the skeleton while the palmar tissue with neurovascular bundle was intact ( Figure 1 and Figure 2 ). All the four patients were young carpenters who suffered this injury with the use of planners. Machine injury was the prime course of defect in all patients and all had isolated thumb defects.
Initial assessment was done in emergency rooms and patients were informed about the procedure, its advantages and drawbacks. After taking the consent, patients were operated within 48 hours of injury. All patients were operated under general aneasthesia with tourniquet control.
Debridement with creation of thumb defect was done first followed by restoration of bone and skin defects using reverse osteocutaneous radial forearm island flap.
Following surgery, the operated hand and forearm was immobilized in a splint for 3 weeks. Immediately after this period, patients were entered into a rehabilitation program.
Follow up patients of the reconstructed thumbs ranged from 4 to 14 months (mean 10 months). During follow up period we recorded the flap progression and its outcome.
Operative technique
Preoperative Allen test to exclude patients with predominating radial blood flow or absent ulnar artery is essential. Operation was done under general aneasthesia with a pneumatic tourniquet fastened on the arm.
The flap was designed from the palmar and radio dorsal aspect of the forearm, beginning several centimeters proximal to the radial styloid. The flap design was marked after preparation of the distal thumb defect. The flap, including radial artery and its venae comitantes, is carefully raised. Care was taken not to damage the cutaneous branches of the radial nerve or the blood supply to the radius just proximal to the styloid process. One or more small branches from the radial artery were identified entering the pronator quadratus muscle and extending downto the periosteum of the radius. These vessels must be protected, often necessitating leaving a small amount of muscle attached to the radius. A bone flap was patterned on the lateral side of the radius and designed to include the perforating branches from the radial artery. The bone was osteotomized with either powered or conventional bone instruments. After ligating the radial vessels proximally, the entire flap was mobilized as a composite unit to the level of anatomical snuff box. The composite bone -skin preparation was then passed to the thumb defect with fixation of bone secured by longitudinal or obliquely placed pins or by use of small plates. The forearm skin provided coverage of the defect.
RESULTS
All 4 patients were males. The ages ranged from 30 to 45 years (Table 1 ). All four received trauma while operating powered machines and negligence was the main factor behind the accidents. All patients were operated within 48 hours of injury. All the flaps survived completely without donor site complications. Flap size transferred had mean size of 48.5 cm 2 ( Table 2 ). The mean length of harvested radius was 3.87 cm ( Table 2 ). All donor sites were skin grafted and healing was uneventful at donor sites. No cases of fracture occurred in any patient during follow up period. Hands were immobilized with forearm for 3 weeks and later physiotherapy for active and passive range of motion was started.
Two patients had lost interphalangeal and metacarpophalangeal joints and mobility of their thumb depended on carpometacarpal joint.
Other two patients
 The mean range of motion was 420 (Table 3 )  The mean grip strength was 41.25 kg (Table 3 )  The mean pinch power was 7 kg (Table 3 ).
There were no complications and all the 4 patients were very much satisfied with the reconstruction of new thumb. 
DISCUSSION
Reconstruction of the thumb should ideally replace like with like, restoring both function and appearance. Thumb Replantation has demonstrated great success in that it restores the actual lost thumb, often yielding excellent functional outcomes. [7] [8] [9] [10] When replantation is not an option, the surgeon must re-create the likeness of the thumb. Reconstructing the ideal thumb function into its basic elements will assist the surgeon in choosing a reconstructive technique to provide an optimal outcome. Two broad categories must be addressed. These are sensations and opposition. Sensation determines freedom from pain and adequate sensibility to interact with or at least, protect itself from the environment. Opposition necessitates length, stability, strength and mobility. [11] [12] [13] [14] [15] Amputations that deprive the thumb of the distal phalynx or, at most, just proximal to the interphalangeal (IP) joint may not require reconstructions. 16 Loss at or proximal to the shaft of the proximal phalynx will require some sort of reconstruction. The options available like cosmetic prosthesis, web deepening, osteoplastic reconstructions, progressive lengthening, pollicisation and toe transfer are chosen depending upon the components of injury and the expertise available.
The osteoplastic technique originally required multiple surgical stages to fashion a skin tubed flap and then a bone graft. The technique was advanced by the additional step of providing sensibility with an island flap. 17, 18 However, the drawbacks of this method, besides multiple surgical steps are numerous, including absence of bone vascularization, excessive mobility of a soft tissue, frequent tropic disorders, poor appearance and absence of a nail.
Many technical tricks have been proposed to overcome some of these drawbacks. Varga demonstrated an inverse proportion between bone resorption and delay of bone insertion (after the flap transfer) and a direct relationship between bone insertion and island skin flap. 19 These findings favour a "one stage" reconstruction as attempted by Morgan and Stem. 20 A better possibility is to transfer a vascularized bone as a part of a compound flap. Many donor sites available that could provide skin and bone either as a pedicled flap or as an island pedicled flap. With a pedicled flap a piece of iliac crest or of clavicle has been used. 21, 22 Among island flaps, the forearm is most popular donor site, the bone fragment being taken from radius or ulna based on the radical artery the posterior interosseous artery. [23] [24] [25] In our 4 cases we used reversed osteocutaneous radial forearm island flap. The patients had loss of dorsal aspect of skin and soft tissue with part of loss of bone. They were all planner injuries in carpenters and part or whole of bone was lost. The palmer aspect of skin with flexor tendons was intact in all these cases. This made the reserved osteocutaneous radial forearm island flap an ideal donor site for reconstruction. Vascularized bone with a supple soft tissue cover was provided in a single stage. None of the patients suffered any surgical complications. As our patients had an intact carpometacarpal joint, they gained adequate mobility for opposition of thumb with excellent sensation provided by the native volar tissue. The function of the newly reconstructed thumb was enough to meet the needs of daily activity of the patients.
Skin healing at the donor site has been a problem in about one third of patients with this flap. In our series one patient had delayed wound healing over the donor site. The result was acceptable as the skin grafted area is proximally located and blends well with the surrounding skin.
Two major problems with the donor site are delayed healing of skin graft over tendons and more important functionally and cosmetically, fracture of the radius.
Prevention of fracture was a primary objective while harvesting segment of bone from radius. It was achieved by removing smaller segment of bone, using foot shaped osteotomy and ensuring adequate immobilization for six weeks in all our patients. None of our patients developed fracture.
CONCLUSION
The reverse radial forearm flap is currently utilized to reconstruct defects of hand. The osteocutaneous variant of this flap has a special place in reconstruction of thumb. This composite radial forearm osteocutaneous island flap eliminates the staging of procedures and has excellent vascularity.
All studied patients were underwent a single stage procedure and all flaps survived and healed completely. As the bone segment is vascularized, the technique prevents bone resorption. The patients in our series had good bone union with adequate strength of the thumb for daily routine work.
